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Abstract 
This study focused on the experimental optimization of 
nanostructured nickel oxide (NiO) for solar cell applications. 
The optimization procedure involved the variation of the 
precursor concentrations of nickel acetate with attendant 
measurement of the properties of nickel oxide films. The films 
were spray deposited on glass substrate. Nickel acetate 
precursor was used at a substrate temperature of 350 oC. 
Precursor concentrations were: 0.025 M, 0.05 M, 0.075 M and 
0.1 M respectively. The surface morphology revealed 
nanostructured film with particles densely distributed across 
the substrate’s surface. The films are homogeneous, smooth, 
well adherent and devoid of pinholes and cracks. The 
morphology became grainier as the precursor solution 
increased. Elemental composition exposes the presence of Ni 
and O elements in NiO film. Oxygen concentration decreases 
as precursor solution increases. The film structural property 
reveals that deposited NiO film has an amorphous structure at 
0.025 M while the other concentrations are polycrystalline in 
nature with cubic structure. X-ray diffractometry (XRD) 
further reveals that the intensity of NiO films increases with 
increased molarity. Preferred orientation was along the (1 1 1) 
peak with minor intensity along the (2 0 0) peak. XRD patterns 
have peak diffraction at (2θ = 37 o and 43 o) for the (1 1 1) and 
(2 0 0) planes respectively, and 64 o for the (2 2 0) plane for 0.1 
M. Crystallite size was obtained at 63.77 nm maximum. Film 
thickness increased with increasing precursor concentration 
from 6.277 μm to 11.57 μm. Film micro strain was observed to 
have compression for all precursor solutions. Optical studies 
showed that transmittance decreased with increasing 
concentration from 80 % to 71 %. Optical band gap energy was 
between 3.94 eV to 3.38 eV as precursor concentration 
increased, revealing the effect of varied concentrations on NiO 
film properties. Optimized results obtained are precursors in the 
development of low cost, efficient, durable solar cell 
fabrication for developing countries. 
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INTRODUCTION 
The provision of affordable and efficient energy is among the 
top 50 grand challenges facing humankind in the 21st century 
[1-2]. Electricity is non-existent for over 20 % of the world’s 
population with developing countries comprising 99.8 % of that 
number [3]. Sub-Sahara Africa is home to nearly 85 % of the 
1.3 billion people living in developing countries without access 
to electricity [4], with an estimated electrification rate of 
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around 32 % [5]. Several countries in Africa and south Asia 
lack access to electricity [6], while many countries on those 
continents have a high degree of electricity supply disruption 
with an average of less than four hours of power supply daily 
[7]. However, developed countries like in Europe, America and 
Asia have turned their fortunes around in terms of electricity 
generation by harnessing power from renewable energy 
sources.  
Apart from the stable supply of electricity, other attendant 
challenges still loom in such regions. They include the 
relatively high cost of electricity, underdeveloped 
infrastructure especially in remote areas, uneven billing of 
electricity, high tariffs, and unfavorable policies to mention but 
a few. This has caused many citizens to resort to alternate 
sources of electricity supply. Renewable energy has been 
confirmed as a viable solution to ending global electricity 
problems as it exceeds world energy demand [8]. Renewable 
energy is sustainable and not harmful to the environment. Solar 
energy is a good source of renewable energy [9]. The hourly 
solar influx on the surface of the earth surpasses annual human 
energy needs [10]. Solar energy is environmentally benign [11-
12]. About 40 % of CO2 emissions is saved per year for each 1 
% of world electricity demand supplied by solar grid [13]. 
However, high costs are militating against the successful 
deployment of solar technology worldwide. Solar cells are an 
integral aspect of solar energy [14].  
Large scale production at affordable cost is being studied for 
the purpose of fabrication of solar cells [15]. Existing methods 
are not suitable for scaling up due to the expensive nature and 
complexities associated with the vacuum environment required 
for fabrication. Nanostructured metal oxide, however, is 
promising. Nanostructured materials offer potential 
improvement in solar cells efficiency and reduction in 
manufacturing and electricity production costs [16] due to the 
increased surface area to volume ratio of nanoparticles. This 
makes nanostructured materials more efficient and better 
energy collectors [17]. Nanostructured materials have unique 
characteristics that cannot be obtained from conventional 
macroscopic materials [9]. The drawback of conventional 
materials is low absorption properties resulting in low 
efficiency in solar cell devices. Inorganic semiconducting 
materials are economical, environmentally friendly and viable 
sources for solar cells [18]. 
Fabrication of nanostructured metal oxide films is attracting 
interest in terms of technological applications [19-22]. They 
have been studied due to their vast range of use [23], including 
in applications such as solar cells, UV detectors, 
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electrochromic devices, anti-ferromagnetic layers, p-type 
transparent conductive thin films, and chemical sensors [24-
29]. The properties of metal oxides can be experimentally 
optimized for better results in a specific application. The 
properties of the metal oxides are affected by the control of the 
desired morphology, structure, size and other properties of the 
material for specific applications [30- 31]. Metal oxides often 
show n-type conductivity with a few displaying p-type. NiO 
has p-type conductivity [32]. NiO exists in various oxidation 
states [33]. It is pale green with a cubic structure. It is durable 
with stable chemical properties and optical densities. NiO has 
been prepared using sputtering [34], sol-gel [35], electron beam 
deposition [36], laser ablation [37], and chemical bath 
deposition [38]. The spray pyrolysis technique (SPT) allows 
coating of large areas by films of very thin layers with uniform 
thickness [39]. SPT has low material cost, is easy to set up and 
economical for mass production [40-41]. These features 
informed the application of SPT in this study. Some of the 
relevant literature has highlighted the potential of SPT in NiO 
fabrication of solar cells.  
A recent review by Ukoba et al. [42] presented the different 
precursors and their characterization methods for spray 
deposition of NiO thin film and concluded that the usefulness 
of SPT as a simple but efficient method cannot be over-
emphasized for mass production of solar cells. The review 
advocated for the exploration of different optimization 
approaches [42]. The present study is therefore tilted towards 
the optimization of the precursor concentrations of NiO films 
and the properties of NiO films as an alternate solar energy 
material with emphasis on efficiency and affordability. The 
objectives include: preparing a nanostructured NiO thin film on 
glass substrate using SPT to deposit an aqueous solution of 
nickel acetate, and subsequently determining the effects of 




Spray Pyrolysis Setup 
The experimental configuration used is shown in Fig. 1, 
comprising air compressor, temperature controller, heater, 
exhaust fan and pipe, and spray gun with attached container. 
The container houses the precursor solution. A hose connects 
the air compressor to the spray gun. A temperature of 350 oC 
was attained and read by a thermocouple attached to the heater 
before commencing deposition.  
 
Figure 1: Experimental set-up of Spray pyrolysis technique 
Precursor Preparation and Deposition  
Precursor solution was nickel acetate tetrahydrate of 
concentration 0.025 M, 0.05 M, 0.075 M and 0.1 M. This was 
mixed and stirred in 50 mL distilled water for 10 min. 
Thereafter the solution was poured into the spray gun container. 
The glass substrate was chemically and ultrasonically cleaned 
before usage. The glass substrate was heated at a constant 
temperature of 350 oC on a heater. Other deposition parameters 
were maintained to obtain uniform film thickness. The 
optimum deposition parameters of spray deposited NiO film 
are shown in Table 1. Each droplet is found to be smaller than 
micro-sized particles. The sprayed solution on the preheated 
substrate glass experiences evaporation and solute precipitation 
before pyrolytic decomposition as shown in Equation (1). 
Nickel oxide is given off as a final product. 
Ni(𝐶𝐻3𝐶𝑂𝑂)2. 4𝐻2𝑂
ℎ𝑒𝑎𝑡
→  𝑁𝑖𝑂 + 7𝐻2𝑂 ↑ +4𝐶𝑂2 ↑ (1) 
The color of prepared thin film was observed to be gray, 
uniform and strongly adherent to the glass. 
Table 1. Optimum deposition parameter of SPT NiO film 
Deposition parameter Value 
Substrate temperature 350 oC 
Distance of spray nozzle to substrate 
distance 
20 cm 
Spray rate 1 ml/min 
Spray time 1 min 
Time between sprays 30 s 
Carrier gas Filled compressed air 
of 1 bar 
 
Characterization 
The morphology of deposited NiO film was studied using a 
ZEISS ULTRA PLUS Field Emission Gun Scanning Electron 
Microscope (FEGSEM). Elemental analysis was performed 
using an Energy Dispersive X-ray Spectrometer (EDX: 
“AZTEC OXFORD DETECTOR”). Structural properties of 
the deposited NiO films were investigated using an 
EMPYREAN (PANalytical) X-ray powder diffractometer for a 
range of 5 º to 90 º 2θ angles. Measured film thickness was 
compared with calculated film thickness obtained using the 
weight difference method. Optical properties were studied in 
wavelengths of 300 nm to 1000 nm with a SHIMADZU UV-
3600UV-VIS Spectrometer model. 
 
RESULTS AND DISCUSSION 
Morphological Studies  
FEGSEM micrographs are represented in Fig. 2. These 
micrographs reveal homogeneous, smooth, well adherent film 
devoid of pinholes and cracks. The morphology becomes 
grainier with bigger flakes with increasing concentration. This 
is an improvement on results observed by Bari et al. [43] and 
Sadaati et al.[44]. This confirms that varying the concentration 
of the precursors affects NiO film morphology. 
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     (a)    (b)   
 (c)     (d)  
Figure 2: SEM micrographs of nickel oxide (NiO) film on glass substrate at (a) 0.025M and (b) 0.05Mgreen (c) 0.075M and  
(d) 0.1M 
 
Elemental Composition Analysis 
Figure 3 shows the EDX for the different concentrations for the 
NiO thin films thereby confirming the presence of Ni and O 
elements in the NiO thin films. Oxygen concentration in 
deposited NiO films decreases as the precursor concentration 
increases as seen in the EDX result. This may be due to 
increased film growth on the glass substrate thereby making 
less of the glass (oxygen) visible. This gives better distribution 
of Ni and O compared with a previous reported distribution 
[45]. An additional silicon (Si) element was also observed. This 
is because Si is present in soda-lime glass or soda-lime-silica 
glass substrate [46]. 
Film Thicknesses and Precursor Solution Concentration  
Film thicknesses were considered with precursors of 
concentration 0.025 M and 0.1 M. The film thickness was 
obtained using SEM cross sectional profiling as shown in Fig. 
4 and the weight difference method expressed in Equation (2) 




     (2) 
Where t is film thickness, m is actual mass deposited, A is thin 
film area and ρ is density of material.  
 
 














Precursor solution concentration (M)
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 (a)   (b)   
 (c)    (d)    
Figure 4. Film thickness obtained from SEM cross-sectional profiling for (a) 0.025M; (b) 0.05M; (c) 0.075M; (d) 0.1M  
 
 
Figure 5. Film thickness of NiO thin films using weight difference method 
 
There was no disparity between the SEM cross sectional 
profiling and the film thickness obtained using the weight 
difference. Film thickness increases as precursor concentration 
increases. This is an improvement on previous study results 
[48]. This improvement may be as a result of accumulation of 
deposited NiO on the substrate. This was collaborated by the 
EDX results. The thickness of the NiO film was controlled by 
keeping the deposition parameters constant. The NiO thin film 
average thickness was between 6.277 µm and 11.57 µm.  
Structural Studies 
The phase and the preferred orientation of the deposited 
nanostructured NiO films were determined using an x-ray 
diffractometer. Figure 6 gives the XRD patterns of the 
deposited nanostructured NiO films at different precursor 
concentrations. The patterns have peak diffractions at (2θ = 37 
o and 43 o) for the (1 1 1) and (2 0 0) planes respectively and 64 
o for the (2 2 0) plane for 0.1 M. The XRD analysis confirms 
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Nickel oxide [49]. The highest intensity was recorded for the (1 
1 1) plane with a strong peak of 2θ = 37 o for precursor solutions 
of 0.05 M, 0.075 M and 0.1 M which is an improvement on 
Bakr et al. [50]. This could be due to an increase in grain growth 
caused by greater thickness. It can also be due to an increase in 
crystallinity as the concentration of the precursor solution 
increases. These results confirm the polycrystalline with cubic 
crystalline structures of deposited NiO film. Balu et al. [51] also 
observed polycrystalline with cubic structures when they varied 
concentrations of NiO films using SPT with a perfume atomizer 
but this seemed to have more intensity. The lower intensity 
peak of (2 0 0) increased gradually as the precursor solution 
increased from 0.05 M to 0.1 M with emergence of a third peak 
of (2 2 0) for 0.1 M. The average crystallite size was obtained 
using the Debye-Scherrer formula [52-53] in Equation (3).  
 
Figure 6. XRD patterns of nanostructured NiO films for 





    (3) 
Where Β is full width at half maximum (FWHM) peak intensity 
(in Radian), λ is wavelength, θ represent Bragg’s diffraction 
angle and k is 0.89 respectively. 
The lattice constant was found to be 4.1905 Å, 4.1856 Å, 
4.1852 Å, 4.1850 Å for 0.025 M to 0.1 M respectively. This 
agrees with the standard lattice constant of NiO film value of 
4.176 Å [54].  
Micro strain was produced through growth of thin film and was 
calculated using the formula in Equation (4) [55].  
𝛿 =  
𝑑𝐴𝑆𝑇𝑀 − 𝑑𝑋𝑅𝐷
𝑑𝐴𝑆𝑇𝑀
 × 100   (4) 
Where d is the lattice constant and 𝛿 is the micro strain. 
A plot of NiO film micro strain against precursor solution is 
shown in Fig. 7. It shows that there is an increase in micro strain 
as precursor concentration increases. Micro strain represents 
compression as seen in Table 2 which gives detailed results of 
micro strain, lattice constants and 2θ values for deposited NiO 




Table 2. Calculated parameters from XRD data 
Parameter     
0.025 0.05M 0.075 0.1M 
 
2θ 
hkl  37 37 37 
(1 1 1)   
( 2 0 0) x 43 43 43 
( 2 2 0) x X X 63 
Lattice  
constant d (Ả) 
recorded XRD 4.1905 4.1855 4.1852 4.1850 
ASTM 4.1684 4.1684 4.1684 4.1684 
Micro strain (𝛿) % -0.5301 -0.4102 -0.4030 -0.3982 
 
 
Figure 7. Graph of micro strain against precursor solution 
concentration for NiO films 
 
Optical properties 
Figure 8 represents measurements of transmittance and 
wavelength for deposited NiO films at various precursor 
solution concentrations. Transmittance decreases from 80 % to 
71 % as precursor solution concentration increases (0.025 M to 
0.1 M). This may be ascribed to the increased value of NiO 
thickness and absorbance. The absorption edge in thicker films 
was less sharp. This occurred because as precursor 
concentration increases there is bigger cluster of deposited 
films causing the scattered radiation to be more pronounced 
because of surface roughness [56]. These results exceeded 
previous reported values [57-58].  
 
Figure 8. Plot of transmittance against wavelength of varied 
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Absorption coefficient, α was obtained using Equation (5) [59].  
𝛼 =  (2.303 × 𝐴) ⁄ 𝑡    (5) 
Where t is film thickness and A is absorbance. Optical 
absorption is related with optical energy band gap as expressed 
in Equation (6) [60-61]. 
α2= C (hυ- Eg)    (6) 
Where C has constant value, h denotes Planck’s constant, υ 
represent incidence light frequency, and Eg denotes optical 
energy band gap.  
 
Figure 9. Graph of (αhυ)2 against hυ for NiO films 
 
Figure 9 shows a graph of (αhυ)2 against hυ for NiO film spray 
deposited at different precursor concentrations. Extrapolation 
of the linear line of the graph to hυ axis for (αhυ)2 = 0 gives the 
optical band gap. A decrease in slope of the plot is also 
observed as precursor concentration increases. A shift towards 
lower energy is observed according to the value of the optical 
band gap. This reduction is attributed to the Moss-Burstein shift 
[62-63]. Optical energy band gaps are: 3.94 eV, 3.56 eV, 3.44 
eV and 3.38 eV for 0.025 M, 0.05 M, 0.075 M and 0.1 M 
respectively. This gives a better optical band gap than existing 
reported values [64]. This may be ascribed to crystallite size 
increment as precursor concentration decreases [65]. A 
quantum size effect may be responsible for the large value of 
the band gap of NiO film [66]. Careful and well optimized 
deposition parameters also helped in obtaining better optical 
band gaps. 
 
Figure 10. Variation of refractive index with precursor 
solution concentration of NiO films 
 
The refractive index of deposited films, shown in Fig. 10, was 
calculated using the relation between the refractive index and 
the optical band gap as shown in Equation 7 [67]. 
𝜂 =  √(12.417 ⁄ (𝐸𝑔 − 0.365)   (7) 
Where η is refractive index and Eg is optical band gap. The 
refractive indices were found to be 1.86, 1.97, 2.01 and 2.03 for 
precursor solutions of 0.025 M, 0.05 M, 0.075 M and 0.1 M 
respectively. This is an improvement on reported values by 
Sriram and Thayumanavan [68]. 
 
CONCLUSION 
This study showed successful spray deposition of 
nanostructured NiO films using nickel acetate on glass 
substrate. The effect of varying precursor concentrations of 
NiO films in terms of elemental, morphological and structural 
properties were studied. In terms of Elemental and morphology 
properties, surface morphology showed an increasingly 
grainier surface as the molarity increased. Elemental 
composition confirmed the presence of the Ni and O elements 
in NiO films. Oxygen concentration decreased as precursor 
concentration increased. It was observed that the film thickness 
increased as the precursor solution increased from 0.025 M to 
0.1 M with an average thickness range of 10 µm and 21µm 
respectively.  
XRD patterns showed that the 0.025 M concentration has an 
amorphous structure while the 0.05 M to 0.1 M concentrations 
have a polycrystalline cubic structure. Intensity of NiO films 
increased with increased molarity. Preferred orientation was 
along the (1 1 1) peak. The patterns had peak diffraction at (2θ 
= 37 o, and 43 o) for the (1 1 1) and (2 0 0) planes respectively 
and 64 o for the (2 2 0) plane for 0.1 M. The lattice constant 
decreased from 4.1905 Å to 4.1850 Å for 0.025 M to 0.1 M 
which correlated with the 4.176 Å standard lattice constant of 
NiO. Micro strain of films showed compression and increases 
with precursor concentration.  
Transmittance reduced as precursor concentration increased. 
Transmittance decreased from about 80 % to 71 % as 

























Precursor solution concentration (M)
International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 6 (2018) pp. 3165-3173 
© Research India Publications.  http://www.ripublication.com 
3171 
to 3.38 eV as concentration increased. This study produced 
better optical band gaps than existing literature. These new 
results were as a result of optimization of the deposition 
parameters. Therefore, varying precursor solution 
concentration has an effect on properties of nanostructured NiO 
thin film. Based on the result obtained, the prepared NiO thin 
film sample can be used as an absorber layer of a solar cell. 
This optimized result may be the answer to low cost, durable 
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